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The premartensite phase of shape memory and magnetic shape memory alloys (MSMAs) is 
believed to be a precursor state of the martensite phase with preserved austenite phase 
symmetry.  The thermodynamic stability of the premartensite phase and its relation to the 
martensitic phase is still an unresolved issue, even though it is critical to the understanding 
of the functional properties of MSMAs. We present here unambiguous evidence for 
macroscopic symmetry breaking leading to robust Bain distortion in the premartensite 
phase of 10% Pt substituted Ni2MnGa. We show that the robust Bain distorted 
premartensite (T2) phase results from another premartensite (T1) phase with preserved 
cubic-like symmetry through an isostructural phase transition.  The T2 phase finally 
transforms to the martensite phase with additional Bain distortion on further cooling. Our 
results demonstrate that the premartensite phase should not be considered as a precursor 
state with the preserved symmetry of the cubic austenite phase.  
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The appearance of a precursor state, widely known as the premartensite (PM) phase is an 
interesting feature of compounds/alloys exhibiting martensitic phase transitions. This has been 
extensively studied in conventional shape memory alloys (SMAs) 1-9. The PM state appears in 
between the parent austenite and martensite phases with preserved parent phase symmetry (cubic) 
in the sense that the austenite peaks in the diffraction patterns do not exhibit any signature of 
symmetry breaking or in other words any evidence for Bain distortion. The characteristic 
signatures of the premartensite state are the appearance of diffuse streaks and superlattice spots in 
the diffraction patterns 10,11.    
Another important class of alloys that owe their functional properties to a martensitic phase 
transition are magnetic shape memory alloys (MSMAs), where shape recovery can be realized 
under the influence of not only the temperature and stress but also the magnetic field. Amongst 
the MSMAs, stoichiometric Ni2MnGa and off-stoichiometric Heusler alloys in the alloy systems 
Ni-Mn-X (Ga, In, Sn, Sb) have received considerable attention.12-21 The stoichiometric Ni2MnGa 
system is by far the most studied system due to its large (10%) magnetic field induced strain 
(MFIS) with potential for applications in novel multifunctional sensor and actuator devices13,14,22. 
The recent discovery of skyrmions in Ni2MnGa has opened newer potential applications for this 
material in the field of spintronics as well.23Ni2MnGa is a multiferroic SMA  with two ferroic 
order parameters, namely spontaneous magnetization and spontaneous strain,  which appear 
below the ferromagnetic and ferroelastic (martensite) phase transition temperatures TC ~ 370 K 
and TM ~ 210K
24,25, respectively. The martensitic transition in Ni2MnGa is preceded by a PM 
phase transition around T= 260 K. 26,27 Both the martensite and PM phases exhibit very strong 
coupling between the two ferroic order parameters (i.e., magneto-elastic coupling) which is 
responsible for the  large MFIS. The large MFIS is also closely linked with the existence of a 
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long period modulated structure of the martensite phase in the Ni2MnGa alloy 
26,28-30.  Since the 
modulated phase of Ni2MnGa appears via a modulated  PM phase and not directly from the 
austenite phase after its Bain distortion,  understanding the characteristics of the PM phase and its 
effect on the martensite phase transformation has been a topic of intense research in recent years 
12,20,25,29-38.  The austenite-PM and the PM-martensite transitions are first order in nature, with 
characteristic thermal hysteresis and phase coexistence regions 27, due to the strong 
magnetoelastic coupling12 between the magnetization and strain caused by a soft TA2  phonon 
mode at a wave vector q ~ 1/331,33,39-41. The nature of the modulation in the PM and martensite 
phases has been shown to be 3M and  7M-like but incommensurate 25,27,42,43. The 
incommensurately modulated PM and the  martensite phases  coexist over a wide temperature 
regime across TM 
27 suggesting that the martensite phase in Ni2MnGa originates from the PM 
phase through a first order phase transition.  While the  martensite phase of Ni2MnGa exhibits 
macroscopic symmetry breaking 26,44, the PM phase does not exhibit any evidence of symmetry 
breaking transition.  
In the phenomenological theories of martensite phase transition, the transformation occurs 
through a lattice deformation shear, with atomic shuffles if necessary, leading to Bain distortion 
of the austenite unit cell while maintaining an invariant habit plane (contact plane) between the 
parent and the martensite phases achieved through a lattice invariant shear produced by twinning 
or stacking faulting45. Obviously, it would  have been kinetically more favourable if the austenite 
phase had first undergone a mild Bain distortion in the PM phase that could have provided a 
further path way to the  martensite phase transfomation with higher Bain distortion while 
maintaining the integrity of the habit plane all along. In the absence of any macroscopic Bain 
distortion, the PM phase of Ni2MnGa does not seem to have a role in facilitating the apperance of 
Bain distortion in the martensite phase with an invariant habit plane. This then raises a 
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fundamental question as to why at all the PM phase arises in Ni2MnGa. Interestingly, first 
principles calculations  reveal  a local minimum  that corresponds to an intermediate value of the 
Bain distortion in the PM  phase.46 However this has not been verified experimentally till now.  
We present here experimental evidence for macroscopic symmetry breaking in the PM phase of 
Ni2MnGa as a result of 10% Pt substitution leading to a robust Bain distortion. From temperature 
dependent high resolution synchrotron x-ray powder diffraction (SXRPD) data analysis, we show 
that the Bain distortion grows in steps. First, a nearly 3M modulated PM phase (PM(T1)) with an 
average cubic-like feature (i.e. negligible Bain distortion) of the elementary L21 unit cell results 
from the austenite phase. This phase then undergoes an isostructural phase transition to another 
3M-like PM phase (PM(T2)) with robust Bain distortion at lower temperatures. Our results reveal 
that the two PM phases are stable thermodynamic phases and not precursor phases with preserved 
austenite symmetry, as has been presumed in the literature all along. Further, we also show that 
the martensite phase originates from the larger Bain distorted PM phase suggesting that the Bain 
distortion appears in steps to facilitate the emergence of an invariant habit plane. These 
observations provide us an opportunity to critically examine the two existing mechanisms of the 
origin of modulation in these systems. 
Results 
Temperature-dependent ac-susceptibility. The temperature (T) dependence of the ac-
susceptibility (ac-) of the Ni1.9Pt0.1MnGa powder sample shown in Fig. 1 reveals a sharp change 
at paramagnetic- ferromagnetic transition temperature Tc ~ 370 K. On further cooling, the ac- 
decreases with a change of slope in the -T plot around T~ 260 K. Interestingly, there is another 
change of slope in ac- around T= 235 K preceded by a large (~40%) drop in ac-. In general, a 
large drop in ac- (or dc magnetization in low field) in the Ni-Mn-Ga based MSMAs is related 
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with the large magnetocrystalline anisotropy of the martensite phase 47,48 but Fig. 1 suggests that  
nearly 40% of the total drop in ac- has already occurred at 235K in the PM phase as a result of 
10% Pt substitution. It is important to mention here that while in Ni2MnGa a very small (nearly 
0.5 %) drop in ac- at the PM phase during cooling from the austenite phase is observed 27 for 
Ni1.9Pt0.1MnGa this drop is very large, which indicates a larger magnetocrystalline anisotropy  of 
the PM phase in Ni1.9Pt0.1MnGa. 
 
High resolution synchrotron x-ray powder diffraction. Our high resolution SXRPD patterns 
show clear correlation between the change of slope in the -T plot and structural changes 
corresponding to the PM and martensite phases discussed above. We show in Fig.2 the variation 
of SXRPD patterns in selected 2θ ranges with temperature in the 290-110 K range which captures 
the entire sequence of phase transitions. The SXRPD pattern at 290K corresponds to the cubic 
austenite phase as it does not show any splitting of the XRD peaks. The Rietveld refinement 
using the 290 K data for the cubic structure (Fm-3m space group) shows excellent fit between the 
observed and calculated peak profiles which further confirms the cubic structure at this 
temperature (see Fig 3a). The refined cell parameter a=5.84753(6) Å obtained from the Rietveld 
refinement is slightly higher than that of the stoichiometric Ni2MnGa (a =5.82445(1) Å), which 
might be due to the larger atomic size of the Pt (1.77 Å) atoms compared to the Ni (1.37 Å) 
atoms. This is in good agreement with an earlier study49.  On cooling the sample below T= 260 
K, several smaller intensity peaks appear. Two such peaks are marked in Fig. 2b and the inset of 
Fig 2b. The low intensity peaks are the satellites that appear due to the modulated nature of the 
PM phase in Ni2MnGa
27. The intensity of these satellites increases without much effect on the 
austenite cubic peaks on further cooling up to T= 240 K. The situation is similar to that in 
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Ni2MnGa, where cooling below the PM phase transition temperature (TPM= 261 K) leads to the 
appearance of low intensity peaks. On the other hand, the austenite peaks remain nearly 
unaffected and retain their cubic nature 27. The SXRPD of Ni1.9Pt0.1MnGa in the temperature 
range 260-240 K thus looks similar to the modulated structure of the PM phase of Ni2MnGa, 
which is incommensurate with 3M-like modulation25-28,30,50,51. Therefore, we carried out  Rietveld 
analysis of the 240 K SXRPD pattern of Ni1.9Pt0.1MnGa using  the (3+1) D superspace group 
approach taking into account both the main and the satellite reflections. We use the modulated 
structure of the PM phase similar to that of Ni2MnGa  with the superspace group Immm (00γ) 
s00. A fit between the observed and calculated peak profiles can be seen in Fig. 3b. The refined 
lattice parameters at 240 K are found to be: a=4.1337(2) Å, b= 5.8416 (3) Å  and c= 4.1325 (1) Å 
with a modulation wave vector (q) of q= 0.325c*=  (1/3-δ) c*, where δ= 0.0083 is the degree of 
incommensuration of modulation at 240 K. The magnitude of q  confirms the incommensurate 
nature of the modulation. The closest rational approximant to the observed value is (1/3)c* which 
suggests 3M-like modulation in the PM phase. Thus the modulated structure of the PM phase of 
Ni1.9Pt0.1MnGa stable in the temperature range 260-240 K , is identical to the PM phase of 
Ni2MnGa. The refined lattice parameters and modulation vector are  also close to the PM phase 
of Ni2MnGa 
25. 
At ~235 K, which is close to the slope change in the ac- data (marked with the tick in Fig.1), an 
interesting feature is observed in the diffraction pattern. At this temperature, the splitting of the 
Bragg peaks of the cubic austenite structure begins to show (Figs.2d and 2e). However, no 
additional/new satellite reflections appear. This structure therefore corresponds to the PM phase 
only. The satellite peaks are marked with PM in Fig.2b. Later, we will show that this structure is 
a new PM phase having the same 3M-like incommensurate modulation but with a robust Bain 
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distortion. This phase is observed up to 225 K while the splitting of cubic austenite peaks 
continues to increase from 235 K down to 225K. At T~220 K, new peaks have started appearing 
(marked with M in Figs.2c, 2d and 2e). This is similar to the situation in Ni2MnGa, where new 
satellite peaks of martensite phase appear after the PM phase is cooled below TM
27. The intensity 
of these new peaks grows at the expense of the PM phase peaks up to 190 K below which the PM 
phase peaks (both main and satellites) disappear completely. Below this temperature (190 K), no 
additional peaks appear in the structure down to the lowest temperature of our measurement 
110K. Thus it can be safely concluded that the martensite structure is stable down to the lowest 
temperature of measurements (110 K) and even below this temperature as confirmed by our latest 
neutron scattering measurements.  
We investigated the structure of the martensite phase at 110 K by Rietveld refinement in the 
(3+1) D superspace similar to that in Ni2MnGa. The main peaks originating from the splitting of 
the main austenite peaks could be indexed using an orthorhombic unit cell and space group 
Immm as in case of Ni2MnGa. The unit cell parameters obtained after Le-Bail refinement were 
found to be a= 4.2390 (1) Å, b= 5.5682  (1) Å and c= 4.207412  (1) Å). The Rietveld refinement 
was then carried out using the superspace group Immm (00γ) s00 by taking into account the 
complete diffraction pattern including both the main and satellite reflections. The good fit 
between the observed and calculated profiles (see Fig.3c) confirms that the refinement has 
converged successfully. The refined value of the incommensurate modulation vector was found 
to be q= 0.4290 (2) c*=  (3/7+δ) c*, where δ= 0.00112 is the degree of incommensuration. Thus 
the structure at 110 K  (which is a representative of  the martensite phase stable below 220 K) 
shows incommensurate modulation similar to the martensite phase of Ni2MnGa
27,28,42,52, which is 
of nearly 7M type.  
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The structures of  the cubic austenite, PM in the temperature range 260-240 K and martensite  at 
110 K, which is representative of the structure below 220 K of Ni1.9Pt0.1MnGa, are similar to 
Ni2MnGa. However, the structure of the PM phase of Ni1.9Pt0.1MnGa in the temperature range 
235-195 K, over which  the splitting of the cubic austenite peaks is observed without the presence 
of the martensite peaks,  is  quite unusual and we now proceed to analyse this newly observed  
phase. The splitting of the austenite peaks in the PM phase indicates the loss of pseudocubic 
symmetry of the basic structure. This is unexpected for the PM phase as it is always considered to 
be a micromodulated phase with preserved cubic symmetry of the austenite peaks. We consider  
the 225 K  data as a representative of this new structure and present the result of fits between the 
calculated and observed intensities by Rietveld  refinement. As in the case of the Rietveld 
refinement of the PM and martensite phases stable  in the temperature ranges 245 K< T <260 K  
and T < 225 K ,  respectively we first considered only the main reflections (not satellites) and 
carried out Le-Bail refinement using the cubic Fm-3m space group. From Fig. 4a, it can be 
clearly seen that this model misses out the new peaks, which result due to the splitting of the 
cubic austenite peaks (see the insets of Fig.4a). This confirms that the cubic symmetry is now 
broken. We therefore considered the tetragonal unit cell with space group I4/mmm, which could 
capture the splitting but still the observed and calculated peak profiles are not matched properly. 
Finally, we took orthorhombic distortion into account in the space group Immm, which was also 
used for the martensite phase. The excellent fit between observed and calculated peak profiles 
(Fig.4c and inset) shows that at 225 K the basic structure is orthorhombic with refined lattice 
parameters as : a= 4.1356(2) Å,   b= 5.8276(2) Å, and c= 4.1371(1) Å. There is a clear evidence 
for the pseudo-tetragonal Bain distortion of the PM phase with b/√2a ~0.9965. Having established 
the Bain distorted orthorhombic nature of the PM phase at 225 K, we then carried out Rietveld 
refinement considering the complete diffraction pattern including satellite reflections using 
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superspace group  Immm (00γ) s00. An excellent fit between the observed and calculated peak 
profiles was obtained after the Rietveld refinements (Fig.4d and inset). The refined modulation 
wave vector q= 0.3393 c* shows incommensurate nature of the modulation with  q =  (1/3+δ) c*, 
where δ= 0.0059 is the degree of incommensuration. Our results using  high resolution SXRPD 
data thus provide evidence for a new incommensurately modulated 3M-like PM phase with 
broken cubic austenite symmetry. This is the example of macroscopic symmetry breaking and 
Bain distortion in the PM phase of any Heusler MSMA.  
                            After observing  a different  type of the PM phase with robust Bain distortion, 
we now proceed to present evidence for the coexistence of the incommensurate 3M-like Bain 
distorted PM and incommensurate 7M-like martensite phases below 220 K. For this, we show in 
Fig.5 the results of Rietveld refinement using the SXRPD pattern at 210 K.  It can be observed 
from the inset of Fig.5a that consideration of  only the 3M-like incommensurate PM phase cannot 
account for some of the Bragg reflections (marked with M in the inset of Fig.5a). We also 
verified  that single phase 7M-like incommensurate martensite phase structure cannot account for 
this diffraction pattern. However, a  refinement  based on coexistence of  both 3M-like Bain 
distorted PM as well as 7M-like martensite phases  gives an excellent fit between the observed 
and calculated profiles accounting for all of the peaks (see Fig 5b). From this, we conclude that 
the Bain distorted 3M-like PM and 7M-like martensite phases, both with incommensurate 
modulations, coexist at 210K. Using superspace Rietveld refinement, the coexistence of 3M-like 
and 7M-like incommensurate structures was confirmed in the entire temperature range from 210 
to 195 K. As phase coexistence is a typical characteristic of a first order phase transition, our 
result show that the Bain distorted PM phase to martensite phase transition is a first order 
transition. Hence, the martensite phase originates from the PM phase in Ni1.9Pt0.1MnGa  similar 
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to that in Ni2MnGa.
27 However, there is  a major difference in the case of Ni1.9Pt0.1MnGa since 
the PM phase from which the martensite phase results shows robust Bain distortion in marked 
contrast to Ni2MnGa where the martensite phase results from a PM phase that preserves the cubic 
symmetry of the main unit cell.  
                                   Fig.6a shows the variation of the lattice parameters and unit cell volume for 
the equivalent cubic, PM (apm ≈(1/√2) ac, bpm ≈ac, cpm ≈ (1/√2) ac) and martensite (am ≈(1/√2) ac, 
bm ≈ac, cm ≈(1/√2) ac) with temperature. It is evident from Fig.6a that unit cell volume for all the 
phases decreases with decreasing temperature. However, the volume of the cubic austenite phase 
changes rather smoothly  across the austenite to PM (T1) phase transition (260-245 K), similar to 
that in Ni2MnGa, as expected for a weak first order phase transition. However, on lowering the 
temperature further, a discontinuous change in the volume is observed at T~235 K  with a 
concomitant splitting of the cubic austenite peaks (see Figs.6a and 2e) and change of slope in the 
ac- versus T plot (see Fig.1). This discontinuous change in volume occurs at the cubic 
premartensite  to the Bain distorted PM phase transition and confirms the first order nature of this 
phase transition. Furthermore, a clear discountinuous volume change during Bain distorted PM 
(T2) to martensite phase transition is also observed confirming the first order character of this 
transition as well. The b/a ratio shown in the inset of Fig.6a also exhibits discountinuous change 
at temperatures corresponding to the different phases. We believe that the formation of   the PM 
(T1) phase in the cubic austenite matrix, followed by  robust Bain distorted PM (T2) phase in the 
PM (T1) matrix and finally the fully Bain distorted martensite phase in the PM (T2) phase is 
kinetically more favourable for maintaining an invariant habit plane all through the transition  
due to the gradual evolution of the Bain distortion. 
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The displacement of atoms obtained from the Rietveld refinements (see supplementary 
discussion and supplementary Table 1) for PM(T1) at 240 K and PM (T2) at 225 K phases are 
compared in Fig.6c,d & e, which clearly indicates a change in the atomic displacement between 
two phases. Since, both the PM phases belong to the same superspace group Immm (00γ) s00 
with nearly 3M-like incommensurate modulation, this is an isostructural phase transition where 
the atomic positions shift without changing the Wyckoff site symmetries and the over all space 
group. The 3D approximant structures of PM (T1) and PM (T2) phases are compared in 
supplementary Table 2. The discontinous change in the unit cell parameters at the isostructural 
phase transition temperature clearly reveals the presence of  strong spin lattice (magnetoelastic) 
coupling. Isostructural phase transitions are rather  rare and have been reported for example in the 
past during electronic transitions in chalcogenides under high pressure53, in multiferroics across 
the magnetic phase transition leading to excess spontaneous polarisation due to magnetoelectric 
coupling54-57, between two ferroelectric  phases58  and between two antiferrodistorted structures 
in CaTiO3
59. Our results  provide evidence for an isostructural phase transition from a nearly 
cubic-like PM phase to a robust Bain distorted PM phase in a magnetic shape memory alloy.  
An incommensurate phase is often  perceived to undergo a transition to the lock-in commensurate 
phase at low temperatures  in the ground state 60.  However, our recent high resolution SXRPD 
study on the stochiometric Ni2MnGa composition reveals that modulation  wavevector (q) shows 
a smooth analytical behavior down to 5 K and there is no evidence for any devilish plateau or 
commensurate lock-in phase27. Since the  PM phase in Ni1.9Pt0.1MnGa shows robust Bain 
distortion not present in the stoichiometric composition, it is intersting  to verify the possibility of 
the lock-in phase in this system.  For this, we carried out Rietveld refinement of the structures at 
various temperatures to determine the modulation wave vector q  as a function of temperature 
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using SXRPD data down to 110 K. In addition, we also carried  Le Bail refinement using  high 
resolution neutron powder diffraction data  at 10 K to verify whether the incommensurate phase 
would lock-into a commensurate phase in the ground state. The temperature variation of the 
modulation wave vector q is shown in Fig.6b during cooling. A jump q (magnitude of q) is 
clearly observed at the 3M modulated PM (T1) to PM (T2)  isostructural phase transtion while 
both phases continue to remain incommensurate. Furthermore, the incommensurate 3M-like 
PM(T2) to the 7M-like incommensurate martensite phase transition is also accompanied with a 
discontinuous change in the modulation wave vector confirming the first order nature of this 
transition as well. This is consistent  with the observation of discontinuous change in volume and 
phase coexistence around TM.  It is interesting to note that the q for PM (T1) is slightly less than 
the commensurate value of 0.33 whereas the q of PM (T2) is slightly greater than 0.33. This 
implies that the modulation vector remains incommensurate in both the PM phases. However, the 
possibility of q passing through 0.33 (1/3) commensurate value in the discontinous jump region 
with a plateau for q=1/3 cannot be ruled out. From the refinement of  the structure using the 
neutron diffraction data at 10 K(Fig.7),  we obtained the lattice parameters as a= 4.24452(9), 
b=5.55035(11), c= 4.20861(8) and an  incommensurate value of the modulation vector q= 
0.43238±0.00021. This value of q confirms that the martensite structure remains  
incommensurate down  to 10 K and shows a smooth analytical behavior in the entire temperature 
range of stability of the martensite phase without any intermediate or ground state commensurate 
lock-in phase in Pt substituted Ni2MnGa similar to that in the undoped composition
27. Thus, 
despite the robust Bain distortion, the ground state remains incommensurate.  
 
Theory. To understand the role of Pt in causing robust Bain distortion in the PM phase, we have 
performed first principles calculations of the stoichiometric Ni2MnGa and Ni1.83Pt0.17MnGa 
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(shown in Fig.8). For Ni1.83Pt0.17MnGa (orange squares in Fig.8a), our calculations reveal a 
pronounced energy minimum at c/a ~0.993, which indicates Bain distortion in the PM phase of 
this composition. This Bain distortion is caused by Pt, since a similar minimum is not present in 
Ni2MnGa (blue circles in Fig. 8b).   Since Pt is non-magnetic, it is unlikely to  cause direct 
magnetoelastic coupling, which is otherwise typical for NiMn-based Heusler alloys. Instead, both 
our measurements and calculations indicate that the substitution of larger Pt atoms in place of 
smaller Ni atoms increases the optimum volume of the alloy. In order to clearly understand the 
role of volume, we have calculated the total energy of Ni1.83Pt0.17MnGa as function of c/a ratio at 
the lower optimum volume of  Ni2MnGa (blue circles in. Fig.8a). It can be seen that lowering the 
volume yields a flat energy plateau with no clear minimum present at c/a ~ 0.993. This clearly 
shows that the volume expansion due to Pt substitution causes the robust Bain distortion in 
Ni1.83Pt0.17MnGa. 
 
To further check this, we calculated energies as function of c/a ratios for Ni2MnGa at the two 
different volumes.  Our calculations reveal again an energy plateau with reduced value for 
Ni2MnGa at its equilibrium volume without an energetic preference for c/a~0.993 (blue circles in 
Fig.8b),  but does not exclude the possibility to observe the Bain distorted phase in unsubstituted 
composition. However, at the larger equilibrium volume of Ni1.83Pt0.17MnGa, the Bain distorted 
PM state has lower energy at c/a ~ 0.993, as  can be clearly seen from Fig 8(b). Interestingly, we 
find that the reduced magnetization at finite temperature captured here through fixed-spin 
moment calculations20 stabilizes the cubic PM phase (Fig.8b). Hence, while the Pt substitution at 
the Ni site modifies the energy plateau found for Ni2MnGa through the enhanced volume and 
stabilizes the robust Bain distorted PM phase at lower temperatures, the finite temperature 
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decrease in magnetization will stabilize the cubic PM phase at higher temperatures. This explains 
the experimentally observed sequence of structural transitions in the PM phase. 
 
In Fig.8c, we present calculated magnetic moments for Ni2MnGa at the two different volumes. It 
can be clearly seen that the magnetic moments slightly (by ~1%) increase at the higher volume of 
Ni1.83Pt0.17MnGa (orange squares) as compared to those obtained at the equilibrium volume of 
Ni2MnGa (blue circles). The more important observation is a discontinuous jump in magnetic 
moment for c/a ~ 0.993 at higher volume. This discontinuous jump is linked with the sudden 
change of the energy state at the same c/a ratio (Fig.8b).   
 
Discussion 
In this work, we have presented evidence for robust Bain distortion in the PM phase of Ni2MnGa 
as a result of 10% Pt substitution using high resolution SXRPD. This finding is significant for the 
field of shape memory alloys in general and MSMAs in particular. Our results show that the 
austenite to martensite phase transition in Ni1.9Pt0.1MnGa involves three intermediate steps. The 
first transition is from the austenite to 3M-like incommensurate modulated PM phase PM (T1), 
which preserves the cubic symmetry of the austenite peaks similar to that in the stoichiometric 
Ni2MnGa. The second transition is an isostructural transition from 3M-like incommensurate 
modulated PM phase (PM (T1)) with negligible Bain distortion to another 3M-like 
incommensurate modulated PM phase (PM (T2)) with robust Bain distortion without any change 
in the superspace group symmetry. Then this new PM (T2) phase finally transforms to the 7M-
like incommensurate modulated martensite (M) phase. Our results thus suggest that Pt 
substitution leads to gradual increase in Bain distortion which can facilitate the invariant habit 
plane requirement all through the three transitions until the martensite phase is formed. Our first 
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principles calculations show that volume expansion due to Pt substitution provides the driving 
force for the robust Bain distortion of the PM (T2) phase in Pt doped Ni2MnGa at lower 
temperatures while the reduced magnetization stabilizes the cubic-like PM (T1) phase at higher 
temperatures. Our findings provide an opportunity to critically reevaluate the applicability of the 
two main theories suggested for the origin of the modulation. The first one is related to the 
adaptive phase concept, which considers the ground state of the martensite phase to be L10 type 
non-modulated tetragonal structure resulting from the lattice deformation strain (Bain distortion) 
of the cubic austenite phase. In this model the modulated structure is a metastable phase formed 
due to kinetic reasons through nanotwinning of the Bain distorted austenite structure. This model 
does not support the existence of the intermediate PM phase and treats the martensite phase as a 
kinetically stabilized state to overcome the lattice deformation shear causing the Bain 
distortion32. The other theory is based on a displacive modulation concept, where the origin of 
modulation is related to a TA2 soft acoustic phonon mode of the austenite phase39 that gets 
coupled to the charge density wave in the PM phase34 with opening of a pseudogap at the Fermi 
surface.  In  this model,  an incommensurate modulated martensite phase can result from the 
incommensurate modulated PM phase27, both of which are stable thermodynamic phases in their 
respective range of temperatures. Our results clearly show that the incommensurate martensite 
phase with larger Bain distortion appears in steps from the Bain distorted PM phase, which 
supports the soft phonon mode based model as the likely origin of modulation in Ni2MnGa. The 
understanding of the origin of modulation in these alloys provides a pathway to design new 
MSMAs.  
Before we close, we would like to briefly mention the likely implications of our results on the 
functional properties of Ni2MnGa. In view of the fact that large MFIS observed  in Ni2MnGa is 
intimately linked with the existence of the modulated structure, the gradual evolution of 
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modulation wave vector in going from PM (T1) to PM (T2) to martensite phase may influence 
the magnitude of MFIS. MSMAs also exhibit magnetocaloric effect (MCE) but the off-
stoichiometric Ni-Mn-X (X= Ga, In, Sn, Sb) show larger MCE as compared to Ni2MnGa
18,61. 
However, the off-stoichiometric alloys show larger hysteresis leading to irreversible MCE, which 
is a major drawback for any practical application62,63. Since the gradual evolution of the Bain 
distortion can facilitate the emergence of an invariant habit plane, we believe that such alloys  
may exhibit better  reversibilty due to lower hysteresis.  
 
Methods:  
Sample preparation and characterization: A polycrystalline sample of Ni1.9Pt0.1MnGa was 
prepared by the standard arc melting technique. The actual composition of the sample was 
checked by energy dispersive analysis of x-rays (EDX) to be Ni1.9Pt0.08Mn1.04Ga0.98. The 
characteristic (magnetic and structural) transition temperatures were obtained by the ac-
susceptibility measurements as a function of temperature using a SQUID-VSM magnetometer.  
Synchrotron X-ray and neutron powder diffraction and analysis: High resolution 
synchrotron powder x-ray diffraction (SXRPD) measurements were performed at the P02 
beamline in Petra III, Hamburg, Germany using a wavelength of 0.20712 Å.  The time of flight 
neutron diffraction data were obtained at the ISIS facility (UK) using the high resolution powder 
diffractometer HRPD at 10 K. For SXRPD and neutron diffraction measurements, the  powder  
samples obtained by  crushing  the as-cast ingots were annealed at 773 K under a high vacuum of 
10-5 mbar for 10h to remove the residual stresses introduced during grinding62,64. The analysis 
(Le Bail and Rietveld) of diffraction data were performed using (3+1) D superspace group 
approach 65-67 with the JANA2006 software package68. 
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Theoretical calculation: For theoretical calculations, we have chosen a slightly different Pt 
concentration as compared to the experimental composition in order to minimize computational 
time. Nevertheless, we demonstrate that the physical mechanism responsible for the Bain 
distortion of the PM phase does not depend on the precise Pt concentration. Further, we have 
assumed a commensurate 3M structure for the PM phase and have also neglected finite 
temperature entropic contributions. The spin polarized density functional theory (DFT) 
calculations have been performed for a 24-atom supercell using Vienna Ab-Initio Simulation 
Package (VASP)69. Relaxed geometries and atomic positions are determined using the projector-
augmented wave (PAW) method70. The exchange-correlation functional is described by the 
generalized gradient approximation of Perdew-Burke-Ernzerhof71. To avoid errors in calculated 
total energy because of artificial Pulay stress arising due to incomplete basis set72,an energy 
cutoff of 700 eV is used for the plane wave basis and the independence of this choice (achieved 
convergence in the total energy ~ 0.01 meV/f.u.) has been checked. For the Brillouin zone 
sampling, a k-point grid of 8x24x18 is used. Convergence criteria for the electronic structure and 
the largest residual forces of respectively 10-8 eV and 10-4 eV/Å are used. Such strict choice of 
cutoff parameters and convergence criteria resulted in DFT energies with error less than 0.003 
meV/atom.  Finite temperature magnetic effects have been modeled by constraining the total 
moment per cell by means of the fixed-spin moment approach72. 
Data availability. The data that support the findings of this study are available upon request from 
S.S. 
                        
Acknowledgments: 
The work was financially supported by the ERC AG 291472 ‘IDEA Heusler! and HeuMem 
project within the European network M-era.net. SS thanks S. R. Barman and A. Chakraborty for 
useful discussion and J. Bednarcik for help in SXRPD measurements. Experiments at the ISIS 
18 
 
Pulsed Neutron and Muon Source were supported by a beamtime allocation from the Science and 
Technology Facilities Council. BD and TH gratefully acknowledge Deutsche 
Forschungsgemeinschaft (DFG) for their funding within the priority program SPP1599. SS 
thanks Alexander von Humboldt foundation, Germany. DP acknowledges support from Science 
and Engineering Research Board of India for financial support through the award of J C Bose 
Fellowship.  
*sanjay.singh@cpfs.mpg.de 
Author contributions 
S.S. proposed the problem. C.F. and D.P. supervised the project. S.S. prepared the sample. P.D. 
performed compositional analysis. S. S. performed magnetic and synchrotron experiments. S.S., 
M.G.Z and A.S.G. did neutron diffraction experiment. S.S. analyzed all the experimental data. 
B.D. performed theoretical calculations. S.W.D., S.C and T.H. provided inputs for theory. S.S. 
and D.P. wrote the manuscript with substantial feedback from all co-authors. 
 
Competing financial interests: The authors declare no competing financial interests. 
 
References 
1 Shapiro, S. M., Noda, Y., Fujii, Y. & Yamada, Y. X-ray investigation of the premartensitic phase in 
Ni46.8Ti50Fe3.2. Physical Review B 30, 4314-4321 (1984). 
2 Satija, S. K., Shapiro, S. M., Salamon, M. B. & Wayman, C. M. Phonon softening in Ni46.8Ti50Fe3.2 
Physical Review B 29, 6031-6035 (1984). 
3 Moine, P., Allain, J. & Renker, B. Observation of a soft-phonon mode and a pre-martensitic phase in the 
intermetallic compound Ti 50 Ni 47 Fe 3 studied by inelastic neutron scattering. Journal of Physics F: 
Metal Physics 14, 2517 (1984). 
4 Tietze, H., Mullner, M. & Renker, B. Dynamical properties of premartensitic NiTi. Journal of Physics C: 
Solid State Physics 17, L529 (1984). 
5 Shapiro, S. M., Yang, B. X., Noda, Y., Tanner, L. E. & Schryvers, D. Neutron-scattering and electron-
microscopy studies of the premartensitic phenomena in NixAl100-x alloys. Physical Review B 44, 9301-9313 
(1991). 
6 Shapiro, S. M., Svensson, E. C., Vettier, C. & Hennion, B. Uniaxial-stress dependence of the phonon 
behavior in the premartensitic phase of Ni62.5Al37.5. Physical Review B 48, 13223-13229 (1993). 
7 Ye, L., Shapiro, S. & Chou, H. Uniaxial stress dependence of the [ζζ0]-TA 2 phonon branch in Ni 60 Al 40. 
Scripta metallurgica et materialia 31, 203-208 (1994). 
8 Chou, H. & Shapiro, S. M. Observation of predicted phonon anomalies in Beta-phase Ni50Al50. Physical 
Review B 48, 16088-16090 (1993). 
9 Ohba, T., Shapiro, S., Aoki, S. & Otsuka, K. Phonon Softening in Au–49.5 at% Cd Alloy. Japanese journal 
of applied physics 33, L1631 (1994). 
10 Otsuka, K., Sawamura, T. & Shimizu, K. Crystal structure and internal defects of equiatomic TiNi 
martensite. Physica status solidi (a) 5, 457-470 (1971). 
11 Sandrock, G. D., Perkins, A. J. & Hehemann, R. F. The premartensitic instability in near-equiatomic TiNi. 
Metallurgical Transactions 2, 2769-2781, doi:10.1007/bf02813251 (1971). 
19 
 
12 Planes, A., Obradó, E., Gonzàlez-Comas, A. & Mañosa, L. Premartensitic Transition Driven by 
Magnetoelastic Interaction in bcc Ferromagnetic Ni2MnGa. Physical Review Letters 79, 3926-3929 (1997). 
13 Ullakko, K., Huang, J. K., Kantner, C., O’Handley, R. C. & Kokorin, V. V. Large magnetic‐field‐induced 
strains in Ni2MnGa single crystals. Applied Physics Letters 69, 1966-1968, 
doi:doi:http://dx.doi.org/10.1063/1.117637 (1996). 
14 Sozinov, A., Likhachev, A. A., Lanska, N. & Ullakko, K. Giant magnetic-field-induced strain in NiMnGa 
seven-layered martensitic phase. Applied Physics Letters 80, 1746-1748, 
doi:doi:http://dx.doi.org/10.1063/1.1458075 (2002). 
15 Chmielus, M., Zhang, X. X., Witherspoon, C., Dunand, D. C. & Mullner, P. Giant magnetic-field-induced 
strains in polycrystalline Ni-Mn-Ga foams. Nature Materials 8, 863-866, 
doi:http://www.nature.com/nmat/journal/v8/n11/suppinfo/nmat2527_S1.html (2009). 
16 Takeuchi, I. et al. Identification of novel compositions of ferromagnetic shape-memory alloys using 
composition spreads. Nature Materials 2, 180-184, 
doi:http://www.nature.com/nmat/journal/v2/n3/suppinfo/nmat829_S1.html (2003). 
17 Kainuma, R. et al. Magnetic-field-induced shape recovery by reverse phase transformation. Nature 439, 
957-960 (2006). 
18 Krenke, T. et al. Inverse magnetocaloric effect in ferromagnetic Ni-Mn-Sn alloys. Nature Materials 4, 450-
454 (2005). 
19 Manosa, L. et al. Giant solid-state barocaloric effect in the Ni-Mn-In magnetic shape-memory alloy. Nature 
Materials 9, 478-481 (2010). 
20 Uijttewaal, M. A., Hickel, T., Neugebauer, J., Gruner, M. E. & Entel, P. Understanding the Phase 
Transitions of the Ni2MnGa Magnetic Shape Memory System from First Principles. Physical Review 
Letters 102, 035702 (2009). 
21 Wu, Y. et al. Premartensitic transition and relevant magnetic effects in Ni(50)Mn(34)In(15.5)Al(0.5) alloy. 
Scientific Reports 6, 26068, doi:10.1038/srep26068 (2016). 
22 Murray, S. J., Marioni, M., Allen, S. M., O’Handley, R. C. & Lograsso, T. A. 6% magnetic-field-induced 
strain by twin-boundary motion in ferromagnetic Ni–Mn–Ga. Applied Physics Letters 77, 886-888, 
doi:doi:http://dx.doi.org/10.1063/1.1306635 (2000). 
23 Phatak, C., Heinonen, O., De Graef, M. & Petford-Long, A. Nanoscale Skyrmions in a Nonchiral Metallic 
Multiferroic: Ni2MnGa. Nano Letters 16, 4141-4148, doi:10.1021/acs.nanolett.6b01011 (2016). 
24 Webster, P. J., Ziebeck, K. R. A., Town, S. L. & Peak, M. S. Magnetic order and phase transformation in 
Ni2MnGa. Philosophical Magazine Part B 49, 295-310, doi:10.1080/13642817408246515 (1984). 
25 Sanjay, S. et al. (3 + 1)D superspace description of the incommensurate modulation in the premartensite 
phase of Ni 2 MnGa: a high resolution synchrotron x-ray powder diffraction study. Journal of Physics: 
Condensed Matter 25, 212203 (2013). 
26 Brown, P. J. et al. The crystal structure and phase transitions of the magnetic shape memory compound Ni 2 
MnGa. Journal of Physics: Condensed Matter 14, 10159 (2002). 
27 Singh, S., Bednarcik, J., Barman, S. R., Felser, C. & Pandey, D. Premartensite to martensite transition and 
its implications for the origin of modulation in Ni2MnGa ferromagnetic shape-memory alloy. Physical 
Review B 92, 054112 (2015). 
28 Mariager, S. O., Huber, T. & Ingold, G. The incommensurate modulations of stoichiometric Ni2MnGa. 
Acta Materialia 66, 192-198, doi:http://dx.doi.org/10.1016/j.actamat.2013.11.077 (2014). 
29 Fukuda, T., Kushida, H., Todai, M., Kakeshita, T. & Mori, H. Crystal structure of the martensite phase in 
the ferromagnetic shape memory compound Ni2MnGa studied by electron diffraction. Scripta Materialia 
61, 473-476, doi:http://dx.doi.org/10.1016/j.scriptamat.2009.04.046 (2009). 
30 Kushida, H. et al. Incommensurate structures of intermediate phase and martensite phase in Ni 2 MnGa. 
Journal of Physics: Conference Series 165, 012054 (2009). 
31 Fritsch, G., Kokorin, V. V. & Kempf, A. Soft modes in Ni 2 MnGa single crystals. Journal of Physics: 
Condensed Matter 6, L107 (1994). 
32 Kaufmann, S. et al. Adaptive Modulations of Martensites. Physical Review Letters 104, 145702 (2010). 
33 Mañosa, L. et al. Phonon softening in Ni-Mn-Ga alloys. Physical Review B 64, 024305 (2001). 
34 D’Souza, S. W. et al. Coexistence of charge-density wave and ferromagnetism in Ni2MnGa. Physical 
Review B 85, 085123 (2012). 
35 Benešová, B. et al. Incommensurateness in nanotwinning models of modulated martensites. Physical 
Review B 92, 180101 (2015). 
20 
 
36 Opeil, C. P. et al. Combined Experimental and Theoretical Investigation of the Premartensitic Transition in 
Ni2MnGa. Physical Review Letters 100, 165703 (2008). 
37 Wu, Y. et al. Premartensitic transition and relevant magnetic effects in Ni50Mn34In15.5Al0.5 alloy. 
Scientific Reports 6, 26068, doi:10.1038/srep26068 (2016). 
38 Yongmei M Jin, Y. U. W. a. Y. R. Theory and experimental evidence of phonon domains and 
their roles in pre-martensitic phenomena. npj Computational Materials 1, 15002 (2015). 
39 Zheludev, A., Shapiro, S. M., Wochner, P. & Tanner, L. E. Precursor effects and premartensitic 
transformation in Ni2MnGa 
Physical Review B 54, 15045-15050 (1996). 
40 Kokorin, V. V., Chernenko, V. A., Pons, J., Segu, C. & Cesari, E. Acoustic phonon mode condensation in 
Ni2MnGa compound. Solid State Communications 101, 7-9, doi:http://dx.doi.org/10.1016/S0038-
1098(96)00550-9 (1997). 
41 Stuhr, U., Vorderwisch, P., Kokorin, V. V. & Lindgård, P. A. Premartensitic phenomena in the ferro- and 
paramagnetic phases of Ni2MnGa. Physical Review B 56, 14360-14365 (1997). 
42 Singh, S. et al. High-resolution synchrotron x-ray powder diffraction study of the incommensurate 
modulation in the martensite phase of Ni2MnGa: Evidence for nearly 7M modulation and phason 
broadening. Physical Review B 90, 014109 (2014). 
43 Uba, S. et al. Electronic structure and magneto-optical Kerr effect spectra of ferromagnetic shape-memory 
Ni-Mn-Ga alloys: Experiment and density functional theory calculations. Physical Review B 94, 054427 
(2016). 
44 Singh, S., Barman, S. R. & Pandey, D. in Zeitschrift für Kristallographie - Crystalline Materials Vol. 230   
13 (2015). 
45 Z. Nishiyama. Martensite Transformation.  (Academic Press,NewYork   1978). 
46 Gruner, M. E., Fähler, S. & Entel, P. Magnetoelastic coupling and the formation of adaptive martensite in 
magnetic shape memory alloys. physica status solidi (b) 251, 2067-2079, doi:10.1002/pssb.201350397 
(2014). 
47 Banik, S. et al. Phase diagram and electronic structure of Ni2+xMn1-xGa. Physical Review B 74, 085110 
(2006). 
48 Singh, S. et al. Magnetic properties and magnetocaloric effect in Pt doped Ni-Mn-Ga. Applied Physics 
Letters 104, 231909, doi:doi:http://dx.doi.org/10.1063/1.4883404 (2014). 
49 Singh, S. et al. Effect of platinum substitution on the structural and magnetic properties of Ni2MnGa 
ferromagnetic shape memory alloy. Physical Review B 93, 134102 (2016). 
50 Kushida, H. et al. Crystal structure of martensite and intermediate phases in Ni2MnGa studied by neutron 
diffraction. The European Physical Journal Special Topics 158, 87-92, doi:10.1140/epjst/e2008-00658-2 
(2008). 
51 Kushida, H. et al. Neutron diffraction study on stress-induced X-phase in Ni2MnGa. Scripta Materialia 60, 
248-250, doi:http://dx.doi.org/10.1016/j.scriptamat.2008.10.018 (2009). 
52 Righi, L. et al. Incommensurate modulated structure of the ferromagnetic shape-memory Ni2MnGa 
martensite. Journal of Solid State Chemistry 179, 3525-3533, 
doi:http://dx.doi.org/10.1016/j.jssc.2006.07.005 (2006). 
53 Jayaraman, A. Pressure-Induced Electronic Collapse and Semiconductor-to-Metal Transition in EuO. 
Physical Review Letters 29, 1674-1676 (1972). 
54 Lee, S. et al. Giant magneto-elastic coupling in multiferroic hexagonal manganites. Nature 451, 805-808, 
doi:http://www.nature.com/nature/journal/v451/n7180/suppinfo/nature06507_S1.html (2008). 
55 Singh, A., Pandey, V., Kotnala, R. K. & Pandey, D. Direct Evidence for Multiferroic Magnetoelectric 
Coupling in 0.9BiFeO3-0.1BaTiO3. Physical Review Letters 101, 247602 (2008). 
56 Singh, A., Senyshyn, A., Fuess, H., Chatterji, T. & Pandey, D. Neutron powder diffraction study of nuclear 
and magnetic structures of multiferroic Bi0.8Ba0.2Fe0.8Ti0.2O3: Evidence for isostructural phase transition and 
magnetoelastic and magnetoelectric couplings. Physical Review B 83, 054406 (2011). 
57 Patel, J. P., Senyshyn, A., Fuess, H. & Pandey, D. Evidence for weak ferromagnetism, isostructural phase 
transition, and linear magnetoelectric coupling in the multiferroic Bi0.8Pb0.2Fe0.9Nb0.1O3 solid solution. 
Physical Review B 88, 104108 (2013). 
58 Bhattacharjee, S., Taji, K., Moriyoshi, C., Kuroiwa, Y. & Pandey, D. Temperature-induced isostructural 
phase transition, associated large negative volume expansion, and the existence of a critical point in the 
phase diagram of the multiferroic 1-xBiFeO3-xPbTiO3 solid solution system. Physical Review B 84, 
104116 (2011). 
21 
 
59 Saurabh Tripathi, A. K., Sharmila Shirodkar, Masatomo Yashima, U. V. Waghmare, Dhananjai Pandey. 
Discovery of an isostructural phase transition within orthorhombic phase field of CaTiO3. 
 arXiv:1408.0335 (2014). 
60 Bak, P. Commensurate phases, incommensurate phases and the devil's staircase. Reports on Progress in 
Physics 45, 587 (1982). 
61 Planes, A. et al. Magnetocaloric effect in Heusler shape-memory alloys. Journal of Magnetism and 
Magnetic Materials 310, 2767-2769, doi:http://dx.doi.org/10.1016/j.jmmm.2006.10.1041 (2007). 
62 Singh, S. et al. Residual stress induced stabilization of martensite phase and its effect on the 
magnetostructural transition in Mn-rich Ni-Mn-In/Ga magnetic shape-memory alloys. Physical Review B 
92, 020105 (2015). 
63 Liu, J., Gottschall, T., Skokov, K. P., Moore, J. D. & Gutfleisch, O. Giant magnetocaloric effect driven by 
structural transitions. Nat Mater 11, 620-626, 
doi:http://www.nature.com/nmat/journal/v11/n7/abs/nmat3334.html#supplementary-information (2012). 
64 Singh, S., Maniraj, M., D’Souza, S. W., Ranjan, R. & Barman, S. R. Structural transformations in 
Mn2NiGa due to residual stress. Applied Physics Letters 96, 081904, 
doi:doi:http://dx.doi.org/10.1063/1.3318461 (2010). 
65 De Wolff, P. The pseudo-symmetry of modulated crystal structures. Acta Crystallographica Section A: 
Crystal Physics, Diffraction, Theoretical and General Crystallography 30, 777-785 (1974). 
66 De Wolff, P. Symmetry operations for displacively modulated structures. Acta Crystallographica Section A: 
Crystal Physics, Diffraction, Theoretical and General Crystallography 33, 493-497 (1977). 
67 Janssen, T., Janner, A., Looijenga-Vos, A. & De Wolff, P. International Tables for Crystallography, Vol. C. 
Mathematical, Physical and Chemical Tables (1992). 
68 Dušek, M., Petříček, V., Wunschel, M., Dinnebier, R. & Smaalen, S. v. Refinement of modulated structures 
against X-ray powder diffraction data with JANA2000. Journal of applied crystallography 34, 398-404 
(2001). 
69 Kresse, G. & Furthmüller, J. Efficient iterative schemes for ab initio total-energy calculations using a plane-
wave basis set. Physical Review B 54, 11169-11186 (1996). 
70 Blöchl, P. E. Projector augmented-wave method. Physical Review B 50, 17953-17979 (1994). 
71 Perdew, J. P., Burke, K. & Ernzerhof, M. Generalized Gradient Approximation Made Simple. Physical 
Review Letters 77, 3865-3868 (1996). 
72 Francis, G. P. & Payne, M. C. Finite basis set corrections to total energy pseudopotential calculations. 
Journal of Physics: Condensed Matter 2, 4395 (1990). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22 
 
Figures and captions:  
 
 
 
Fig. 1. Temperature-dependent ac-susceptibility. Real part of ac- as a function of temperature 
in cooling and heating cycles.  Red ticks indicate the temperatures that correspond to the different 
phases observed in synchrotron x-ray powder diffraction (see text).  
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Fig.2. Temperature-dependent synchrotron x-ray powder diffraction patterns. Evolution of 
synchrotron x-ray powder diffraction patterns of Ni1.9Pt0.1MnGa as a function of temperature 
during a cooling cycle for 3 selected 2 ranges. The (220) austenite peak region is shown in (a), 
the satellite region in (d) and the (224) austenite peak region in (e). (b) and (c) represent the (220) 
austenite peak region with an expanded scale for selected temperatures.  A, PM and M represent 
the Bragg peaks of the cubic austenite, premartensite and martensite phases, respectively. The 
inset in (b) shows the Bragg reflections at the extended scale in the 2θ range between 6.20 to 6.38 
where the satellite reflection of 3M modulated premartensite phase is expected.  
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Fig. 3. Rietveld fits for the synchrotron x-ray powder diffraction patterns of Ni1.9Pt0.1MnGa. 
Rietveld refinements at (a) 290 K (cubic austenite phase), (b) 240 K (premartensite phase) and (c) 
110 K (martensite phase). The experimental data, fitted curve and the residue are shown by 
circles (black), red continuous line and green continuous line, respectively. The tick marks (blue) 
represent the Bragg peak positions. The insets show the fit for the main peak region on an 
expanded scale. Satellite reflections in the premartensite (PM) and martensite phases (M) are 
shown by (hklm)PM and (hklm)M, respectively.  
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Fig. 4. Rietveld fits for the synchrotron x-ray powder diffraction patterns for main peaks at 
225 K.  Rietveld refinements with (a) with Cubic austenite cell (b) Bain distorted tetragonal unit 
cell (c) Orthorhombic unit cell. (d) Rietveld fits with 3M modulated incommensurate 
premartensite structure. The experimental data, fitted curve and the residue are shown by circles 
(black), red continuous line and green continuous line, respectively. The tick marks (blue) 
represent the Bragg peak positions. The insets in (a), (b) and (c) show the fit for the main 
reflections and in (d) for satellite reflections corresponding to the premartensite (PM). 
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Fig.5. Rietveld fits for the synchrotron x-ray powder diffraction patterns at 210 K. Rietveld 
refinements with (a) 3M incommensurate premartensite structure and (b) Combination of 3M 
premartensite and 7M martensite structure. The experimental data, fitted curve and the residue 
are shown by circles (black), red continuous line and green continuous line, respectively. The tick 
marks (blue) represent the Bragg peak positions for the premartensite phase and the lower ticks 
(dark yellow) in (b) represents the Bragg peak positions for the martensite phase. The insets show 
the Bragg reflections on an expanded scale.  
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Fig.6. Temperature variation of the refined parameters. The parameters obtained from 
Rietveld refinements are plotted in (a) lattice parameters a, b, c, and volume in the austenite (A), 
3M-like premartensite (PM) and the 7M-like martensite (M) phase regions for the cooling cycle. 
The volume of cubic phase is scaled with ½ for comparison. Inset shows the variation of b/a ratio 
(Bain distortion) with temperature in PM (T1) and PM (T2). Subscript c, PM and M are used for 
austenite cubic, PM and M phases, respectively. (b) Variation of magnitude of modulation vector 
(q) as a function of temperature obtained from superspace Rietveld refinements during cooling; 
(c), (d) and (e) show the comparison of displacement (dx) with t parameter between PM (T1) at 
240 K and PM (T2) at 225 K.  
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Fig.7. LeBail fits for the neutron diffraction patterns at 10 K. The experimental data, fitted 
curve and the residue are shown by circles (black), red continuous line and green continuous line, 
respectively. The tick marks (blue) represent the Bragg peak positions. 
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Fig.8: Calculations for energy vs c/a variation. Variation of the total energy at T= 0 K with c/a 
ratio for the 3M premartensite phase of (a) Ni1.83Pt0.17MnGa and (b) Ni2MnGa. Square symbols 
correspond to calculations performed at the equilibrium volume of Ni1.83Pt0.17MnGa, while circles 
denote calculations performed at the equilibrium volume of Ni2MnGa. The energy computed 
with fixed-spin moment approach for Ni2MnGa at the equilibrium volume of Ni1.83Pt0.17MnGa is 
shown by triangles. (c) The variation of magnetic moment with c/a ratio for Ni2MnGa at its 
optimum volume (circles) and at the optimum volume of Ni1.83Pt0.17MnGa (squares). The red 
ellipse marks a discontinuous jump of the magnetization (yellow curve). 
 
